N,N-dimethyl-2-(2-amino-4-(18)F-fluorophenylthio)-benzylamine (4-(18)F-ADAM): an improved PET radioligand for serotonin transporters.
There has been considerable interest in the development of PET radioligands that are useful for imaging serotonin transporter (SERT) in the living human brain. For the last decade, (11)C-(+)McN5652 has been the most promising PET agent for studying SERT in humans. However, this agent has some limitations. Recently, a new promising SERT PET radioligand, 3-(11)C-amino-4-(2-dimethylaminomethylphenylsulfanyl)benzonitrile, has been reported. We recently reported the synthesis of a new (18)F-labeled SERT PET radioligand, N,N-dimethyl-2-(2-amino-4-(18)F-fluorophenylthio)benzylamine (4-(18)F-ADAM), which may have advantages over (11)C-labeled radioligands. The purpose of this study was to evaluate this newly developed (18)F-labeled PET radioligand as a promising agent for studying SERT in the living human brain. This agent was evaluated by studying its in vitro binding to different monoamine transporters, its in vivo biodistributions in rats, its integrity and pharmacologic profiles in rat brain, and its distribution in a female baboon brain. In vitro binding assays showed that 4-F-ADAM displayed high affinity to SERT sites (inhibition constant = 0.081 nmol/L, using membrane preparations of LLC-PK1 cells expressing the specific transporter) and showed more than 1,000- and 28,000-fold selectivity for SERT over norepinephrine transporter and dopamine transporter, respectively. Biodistribution of 4-(18)F-ADAM in rats showed a high initial uptake and slow clearance in the brain (2.13%, 1.90%, and 0.95% injected dose per organ at 2, 30, and 60 min after intravenous injection, respectively), with the specific binding peaking at 2 h after injection (hypothalamus/cerebellum = 12.49). The uptake in blood, muscle, lung, kidney, and liver was also initially high but cleared rapidly. The radioactivity in the femur increases with time for 4-(18)F-ADAM, indicating that in vivo defluorination may occur. In vivo metabolism studies in rats showed that 4-(18)F-ADAM was not metabolized in rat brain (>96% of radioactivity was recovered as parent compound at 1 h after injection). However, it metabolized rapidly in the blood. Less than 7% of the radioactivity recovered from plasma was the parent compound, with the majority of radioactivity in the plasma not extractable by ethyl acetate. Blocking studies showed significant decreases in the uptake of 4-(18)F-ADAM in the brain regions (hypothalamus, hippocampus, and striatum) where SERT concentrations are high when rats were pretreated with (+)McN5652 (2 mg/kg 5 min before intravenous injection of 4-(18)F-ADAM). However, changes in the uptake of 4-(18)F-ADAM in these brain regions were less significant when rats were pretreated with either methylphenidate or nisoxetine. The baboon study showed that uptake of 4-(18)F-ADAM in the midbrain peaked at approximately 1 h after injection and then declined slowly. The ratios of the radioactivity in the midbrain to that in the cerebellum (where the concentration of SERT is low) at 2 and 3 h after injection were 3.2 and 4.2, respectively. 4-(18)F-ADAM is suitable as a PET radioligand for studying SERT in the living brain. Further characterization of this new radioligand in humans is warranted.